In study of intra-individual variation of serum constituents, we used analysis of variance to separate biological from analytical variation, the latter being estimated from results for duplicate specimens. However, the replication error term in such a model may grossly overestimate instrumental variability, especially when a significant pre-instrumental error component is present. To separate pre-instrumental and instrumental error, we used the following experimental design: Duplicate serum specimens were obtained from 88 healthy men, the blood being collected at one venipuncture and immediately divided into two portions. The duplicates were randomized and analyzed on one occasion with the "AutoChemist Multi-Channel Analyzer," and pre-instrumental variation was estimated from the results. Instrumental variation was estimated from results for three independent populations with widely different mean analyte concentrations; these samples were analyzed at the same time as the samples just mentioned. Of the 20 serum
In our previous studies of inter-and intra-individual variation of serum constituents in healthy subjects (1 ) analytical variation was estimated from the values obtained from duplicate specimens. This design did not allow a further breakdown of the vanance term denoted "analytical."
Actually, the residual variance in the analysis of variance consists of a number of terms, of which instrumental variance is only one. Other contributors to residual variation indude variation attributable to procedures of blood collection (e.g., tourniquet application time) and variation attributable to centrifugation, separation, and storage of the sera. These factors are referred to as the "pre-instrumental" sources of analytical variation. This paper describes our efforts to isolate instrumental variability from pre-instrumental vanability on the basis of the simultaneous analysis of paired blood samples collected in duplicate, true duplicate samples of sera, and replicates of pooled sera and control sera.
Materials and Methods

Sources of the Paired Blood Duplicate Samples
Eighty-eight student-volunteers from the Danish Technical School, Lundtofte, were chosen for this study.
All were men, 21 to 27 years of age and in good health. After an overnight fast the subjects sat for 60 mm before blood was drawn. All specimens were drawn between 1100 h and 1130 h. About 25 ml of blood was collected after one venipuncture and placed sequentially into two separate glass tubes, coded "1" and "2" (to indicate which tube was filled first). The tubes were centrifuged within 2 h of venipuncture, and the sera were separated from the cells without delay and stored at -20 #{176}C for a few days before analysis. These duplicates will be referred to as the "paired blood duplicates."
Sources of the True Serum Duplicate Samples
To simulate the conditions of duplicate measure- (2 ) . In none of the cases was this test significant (P 0.05), and for simplicity the vanance estimates were always pooled to obtain a single estimate, which was then used in the subsequent computations.
The variances of the pooled serum, control serum, and true serum duplicates should include only instrumental errors, whereas the variance of paired blood duplicates may include additional variation assignable to pre-instrumental sources such as the venipuncture procedure. variability vs. pre-instrumental variability. To compare the instrumental variance with the variance experienced in the paired blood duplicates, a common estimate of the analytical vanance is required. if it is a fair approximation within the range of the analytical variances, all the data could be used in testing the significance of the difference between the analytical variance and the variance for paired blood duplicates.
Instrumental
However, a linear regression of the standard deviation on the mean values that allows for a proportional as well as a constant error component appears to be more reasonable in view of our knowledge of the possible sources of instrumental error, although it does not lead to a simple test procedure. Therefore, these regressions were also performed and for each component the ratio between the observed where n = number of samples, #{163} = the mean value of the n measurements, and x, = the individual values. 1 Grand mean of au the individuai means derived from the means of the duplicate measurements. C Standard deviation derived from the differences of the pairs of measurements. =f(SD)1NST(prd).
plicates are mentioned; albumin and total protein are included for comparison. The amplification factor for potassium is the highest, 1.57.
Discussion
We have compared three estimates of the analytical variance with an estimate of the variance obtamed for paired blood duplicates, where the latter variance includes the variance of the blood-sampling procedure, centrifugation, and processing of sera as well as that caused by instrumental error. The first condition was not fulfilled for creatinine, lactate dehydrogenase, and alkaline phosphatase, as Table 2 shows. In most cases a graphic analysis of the data supported the hypothesis that the analytical standard deviation is a linear function of the mean value. This approach is presented in Figures 1 and 2 The results given in Tables 3 and 4 It is common practice in many laboratories to use the results from duplicate samples as a quality-control check. In view of the findings reported in this paper, caution should be exercised in such applications: proper consideration of the pre-instrumental error is required if the error assigned to the instrumental procedure in such a scheme is not to be overestimated.
